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The  phase  transition  from  cubic  to  hexagonal  as  a  function  of  magnesium  and 
sulfrn  concentration  was  approximately  determined.  12%  [Mg]  and  8%  [S] 
material,  that  powder  diffraction  shows  to  be  hexagonal,  has  some  cubic  regions, 
as  is  shown  by  optical  ciystallography.  8%  [Mg]  and  6%  [S]  material,  originally 
thought  to  be  hexagonal,  has  been  confirmed  as  cubic  by  optical  crystallography,  cleavage 
and  the  appearance  of  twins  upon  intense  etching.  16%  [Mg]  and  12%  [S]  material  is 
clearly  hexagonal.  It  is  unusual  to  find  a  very  precise  vedue  for  phase  transitions  in 
compoimd  semiconductor  systems,  so  it  is  unlikely  diat  a  much  more  precise  value 
(than  12%  [Mg],  8%  [S])  will  be  forthcoming.  Future  growth  will  concentrate  on 
16%  [Mg]  material.  (Up  to  now,  we  have  always  used  a  constant  Mg/S  ratio,  to 
maintain  ^e  same  lattice  constant  as  ZnSe). 

Transmission  Electron  Microscopy  (TEM)  has  confirmed  that  the  epitaxial  layers 
are  indeed  hexagonal  and  epitaxial.  This  was  demonstrated  on  two  orientations, 
(1120)  and  another  as  yet  undetermined  orientation  close  to  (1010).  The  ZnSe 
epitaxial  layer  was  clearly  seen,  at  a  thickness  much  lower  than  would  be  expected 
for  cubic  ZnSe  growth.  The  quantum  well  (QW)  was  not  seen.  This  may  be  due 
to  the  fact  that  the  TEM  sample  was  thick  in  the  observation  direction  (parallel  to 
the  layer),  the  QW  interfaces  are  not  sharp  or  the  many  hexagonal  twins  interfered 
with  the  measurement.  More  experiments  are  planned,  with  enhanced  knowledge 
of  the  diffraction  pattern,  and  on  samples  that  are  more  definitely  hexagonal,  and 
are  likely  to  have  no  twins.  (A  maximum  twin  concentration  is  expected  at  the 
phase  transition,  where  the  stacking  fault  energy  goes  to  zero).  A  lattice  image  of 
the  film  was  taken.  No  evidence  of  disturbed  interfaces  or  a  high  density  of 
defects  was  seen,  but,  of  course,  a  TEM  sample  is  a  relatively  small  volume.  This 
work  was  done  at  the  University  of  Maryland  by  Prof  L.  Salamanca>Riba. 

Thus,  we  have  confirmed  the  two  major  postulates  of  the  program: 

1)  that  purely  hexagonal  material  can  be  achieved  by  appropriate  choice  of 
Mg  and  S  concentrations,  and 

2)  that  epitaxial  growth  of  ZnSe  in  the  hexagonal  phase  can  be  achieved  by 
using  an  hexagonal  substrate  cut  in  a  non-basal  plane  orientation. 
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The  phase  transition  from  cubic  to  hexagonal  as  a  function  of  magnesium  and 
sulfrn  concentration  was  approximately  determined.  12%  [Mg]  and  8%  [S] 
material,  that  powder  diffraction  shows  to  be  hexagonal,  has  some  cubic  regions, 
as  is  shown  by  optical  crystallography.  8%  [Mg]  and  6%  [S]  material,  originally 
thought  to  be  hexagonal,  has  been  confirmed  as  cubic  by  optical  crystallography,  cleavage 
and  the  appearance  of  twins  upon  intense  etching.  16%  [Mg]  and  12%  [S]  material  is 
clearly  hexagonal.  It  is  unusual  to  find  a  very  precise  value  for  phase  transitions  in 
compound  semiconductor  systems,  so  it  is  unlikely  that  a  much  more  precise  value 
(than  12%  [Mg],  8%  [S])  will  be  forthcoming.  Future  growth  will  concentrate  on 
16%  [Mg]  material.  (Up  to  now,  we  have  always  used  a  constant  Mg/S  ratio,  to 
maintain  the  same  lattice  constant  as  ZnSe). 

Transmission  Electron  Microscopy  (TEM)  has  confirmed  that  the  epitaxial  layers 
are  indeed  hexagonal  and  epitaxial.  This  was  demonstrated  on  two  orientations, 
(1120)  and  another  as  yet  undetermined  orientation  close  to  (1010).  The  ZnSe 
epitaxial  layer  was  clearly  seen,  at  a  thickness  much  lower  than  would  be  expected 
for  cubic  ZnSe  growth.  The  quantum  well  (QW)  was  not  seen.  This  may  be  due 
to  the  fact  that  the  TEM  sample  was  thick  in  die  observation  direction  (parallel  to 
the  layer),  the  QW  interfaces  are  not  sharp  or  the  many  hexagonal  twins  interfered 
with  the  measurement.  More  experiments  are  planned,  with  enhanced  knowledge 
of  (he  diffraction  pattern,  and  on  samples  that  are  more  definitely  hexagonal,  and 
are  likely  to  have  no  twins.  (A  maximum  twin  concentration  is  expected  at  the 
phase  transition,  where  the  stacking  fault  energy  goes  to  zero).  A  lattice  image  of 
the  film  was  taken.  No  evidence  of  disturbed  interfaces  or  a  high  density  of 
defects  was  seen,  but,  of  course,  a  TEM  sample  is  a  relatively  small  volume.  This 
work  was  done  at  the  University  of  Maryland  by  Prof.  L.  Salamanca-Riba. 

Thus,  we  have  confirmed  the  two  major  postulates  of  the  program: 

1)  that  purely  hexagonal  material  can  be  achieved  by  appropriate  choice  of 
Mg  and  S  concentrations,  and 

2)  that  epitaxial  growth  of  ZnSe  in  the  hexagonal  phase  can  be  achieved  by 
using  an  hexagonal  substrate  cut  in  a  non-basal  plane  orientation. 


